SFB
TR55

Isospin Effects by Mass Reweighting
Lattice 2014 - Columbia University - New York - USA

Jacob Finkenrath

with Francesco Knechtli and Bjorn Leder

27. Juni 2014

BERGISCHE
UNIVERSITAT
WUPPERTAL

LOWE UN7p,

Wy oW
Uppprs Y



Introduction

Mass Reweighting
Why ?
- Tuning of quark masses,
e.g., ms in a 2+1 simulation, isospin splitting, ...
- Quark mass dependence

— for small corrections: applicable and cheaper than new simulation
How ?

- rewrite determinant: using pseudofermion integral

- using stochastic estimation

Observable: -
O)w = (OW) /(W) = (OW)

with the corrections introduced by the mass reweighting factor of n s-flavors
W = [1;7,[det D(mnew,:)/ det D(mgyq4,:)] and normalized factor W = W/ (W)

One-flavor integral:

N,
1 1 ey
— [ DInlexp{—nt o ,—n; (M=1)n;
[ exp{—n'Mn} — — > e

det M n =

holds for A\(M 4+ M1t) >0 [J.F., Knechtli, Leder (2013)]



Introduction

Outline

Ensembles : CLS - ny = 2 - Wilson O(a) improv. fermions with m,q = m, = mgq

Name a [fm] mx [MeV] Nengg

Ab 0.076 330 202
E4 0.066 580 100
D5 : 440 2012
E5 " 440 99
F7 “ 270 350
G8 " 190 37
o7 0.049 270 49

[Fritzsch et al. (2012)]
https://twiki.cern.ch/twiki/bin/view/CLS/WebHome

- still improving the statistics
— RESULTS are Preliminary

Goals:

- scaling of the fluctuations

- extract up- and down-quark mass
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Isospin Reweighting Eﬁ:’:f‘f;;fg:g factor

Isospin Reweighting
In general: lattice simulations are done in the Isospin symmetric limit in the light
quark sector
My, = Myd = Mq

Idea: using mass reweighting to introduce Isospin breaking effects with
My + mq = const
My = Myd — 0.5 - Amyg +—  Mmyq — Myg +0.5-Amyqg = mg

Isospin reweighting factor:

det D(my,) det D(myg)

Wiso =
50 det D(myq)2

fluctuations:
stochastic fluctuations (expanding in Amyq):

Am4d 1
u - O (A 6
Ninv (DDT)2 + ( mud)

ensemble fluctuations (expanding in Amyg) :

1 )
02,5 = Am? , var (Tr [ﬁ}) + 0 (AmS))

Uzt(Ninv) ~

Cost given by :
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!
U?t(NinU)/Ugns ~ 10%
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Stochatic fluctuations
Stochastic fluctuations (expanding in Am,gq):

Ami 1
e 7 +0 (Amid)

7ot Nie) ™ Doy
muv

= chiral perturbation theory: Tr——
P y r(DDT)2 ms,
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Ensemble fluctuations
Ensemble fluctuations (expanding in Amyg) :

02, = Am? , var (Tr [%}) +0 (Amﬁd)
i]) unknown

= behavior of var (Tr [D2

numerical observe: — weak volume dependence V7 with ¢ < 1
= a good fit : ¢ = 0.25
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Isospin Reweighting

Scaling of Fluctuations
Stochatic fluctuations

Reweighting factor
Fluctuations

Ensemble fluctuations

| E4 \ E4
10 © D5 10°F © D5
< E5 < E5
AS AS
007 4o 007
S SF7| g 10° o F7
Fwo co| & G8
£ *
< o N\
2 Eo
Z 107 =
B a
=) Nbo)
10°
y=k t@m)? ¥ =Ky * (Mg )
1078 with k =2 9(0 5)*1e-11 with kens =31(39)*1e-5
andq= Lo 71(6) . and q = -3.96(14)
0 0.05 01 0.15 0.2 05 0.05 01 0.15 0.2
RO mR I'0
5 Am%V o1 2 AmR VV 1
Ost ~ kst 33 Oens ~ kens —————
Ninvmp, 75 mR o

Cost given by :

O—St(Ni”’U)/O—gns ~ k!

ens

k;t (LMps)?L
Nin'u .
10% @G8 (m- = 190 MeV ,

with =1le—3

2
To ens

a = 0.066 fm) : N;p, ~ 200




Fixing Conditions
Light quark masses
Quark Masses Conclusion

Fixing the bare mass parameter

Using physical ratios built from meson masses and decay constants to fix the bare
mass paramters ks, kg and Ky,

2 2 2 2
Mo +mKi Mio _mKi
Ry = ——= Ry = K=
(fro + frz) Mo + Myt
and
2
me

Ry= —*——
(fro + fx+)?

Strategie:

Use R1 and Rs to fix ks and (Amyq)pgre

and extrapolate in R3 towards physical light quark masses
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Quark Masses Conclusion

Quark masses
By fixing R1 and R2 and
using the mpcac mass:
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with m,q = 3.21(14) MeV and Amyg = 2.48(10) MeV
(at finite lattice a = 0.066 [fm])
by assuming:
myd(R3) ~ a1 Rs and Am,q(R3) ~ bo + b1 R3
with R3 o< myq in xpt at LO

result:
= relative high precision with low statistics

future: Wt

= increasing statistics and including other ensembles
9/11



Fixing Conditions
Light quark masses
Quark Masses Conclusion

Conclusion

Results:
- costs: increases with L and is arround 200 inversions for G8
- fixing condition suitable to extract light quark masses
- relative good results with small statistics
Prospects:
- improving statistics
- including QED-effects




Covariance of W with fpp

b(t) measured on F7:
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